We report on an angle resolved photoemission (ARPES) study of bulk electron-doped perovskite iridate, (Sr 1−x La x ) 3 Ir 2 O 7 . Fermi surface pockets are observed with a total electron count in keeping with that expected from La substitution. Depending on the energy and polarization of the incident photons, these pockets show up in the form of disconnected "Fermi arcs", reminiscent of those reported recently in surface electron-doped Sr 2 IrO 4 . Our observed spectral variation is consistent with the coexistence of an electronic supermodulation with structural distortion in the system.
Many exotic phenomena take place after metallicity sets in when Mott insulators are doped with carriers. A spectacular example is provided by the 3d transition-metal copper oxides (cuprates) in which high-temperature superconductivity can be realized by doping the parent Mott state [1] . Many aspects of the transition of a Mott insulator to a metal, however, remain poorly understood. In particular, the observation of "Fermi arcs," which are disconnected gapless segments of an otherwise gapped Fermi surface in the normal or pseudogap state of the cuprates [2] [3] [4] [5] [6] [7] [8] [9] [10] presents a theoretical challenge. It is important, therefore, to establish the extent to which Fermi arcs are a universal feature of the electronic spectrum of a doped Mott insulator, signaling the emergence of fundamentally new physics in the material.
Perovskite strontium iridium oxides (iridates), the 5d electronic counterpart of the cuprates, have attracted much recent interest as a playground for understanding the effects of spin-orbit coupling in the presence of strong Coulomb interactions [11] [12] [13] [14] . Spin-orbit coupling can split the t 2g manifold into J = 3/2 and J = 1/2 bands. In this way, the effective width of the valence bands is reduced, so that a moderate on-site Coulomb repulsion U can now be sufficient to cause a further splitting of the J = 1/2 band into upper and lower Hubbard bands. Such a "spin-orbit Mott insulator", when doped, might serve as an ideal system to test the universality of various emergent phenomena found in cuprates and other doped Mott insulators. Notably, it has been proposed that superconductivity may be realized in the pervoskite iridates with electron doping [15] . Remarkably, Fermi arcs have been reported recently in Sr 2 IrO 4 based on surface electron doping via potassium deposition [16] , raising many open questions, such as: Is there any conventional Fermi surface segment, which might coexist with Fermi arcs but may be masked due to unfavorable experimental conditions [17] [18] [19] [20] ? Is the existence of Fermi arcs a property of the electron-doped iridates independent of the doping method? Are the Fermi arcs a universal feature of the electrondoped pervoskite iridates irrespective of the material families as in the case of the hole-doped cuprates?
In order to address some of the aforementioned questions, we have carried out an ARPES study of perovskite iridate system, Sr 3 Ir 2 O 7 . By substituting Sr atoms with La, electrons are doped into the bulk material, which leads to an insulator-metal transition at x ∼ 0.033 [21] . Fermi pockets are observed with a total area consistent with the carrier concentration induced by La doping. The momentum location and overall shape of the observed pockets agree well with the corresponding first-principles calculations. In particular, we find that different types of low-energy electronic states in (Sr 1−x La x ) 3 Ir 2 O 7 (x = 0.066) can be excited selectively by tuning the incident photons. Spectral intensity associated with parts of the Fermi pockets is suppressed due to matrix element effects when particular combinations of photon energy and polarization are used, giving these pockets the appearance of apparent open-ended Fermi arcs. The manner in which this partial spectral suppression occurs is consistent with the existence of an electronic supermodulation in the system. Our results, which are based on bulk doping, suggest that Fermi arcs are at least not universal to electrondoped perovskite iridates. Whether they exist in electron-doped Sr 2 IrO 4 should be further scrutinized with the photoemission matrix element effects taken into account.
Single crystals of (Sr 1−x La x ) 3 Ir 2 O 7 (x = 0.066) were grown by flux methods similar to the previous studies [22] . ARPES experiments were performed at Beamline 5-4 of the Stanford Synchrotron Radiation Laboratory with an energy resolution of ∼ 9 meV using a range of photon energies and polarizations. The Fermi level of the sample was referenced to that of a polycrystalline Au specimen in electrical contact with the sample. Measurements were done at 30 K with a base pressure of better than 3×10 −11 torr.
Fermi pockets are observed in our sample based on our Fermi surface mapping shown in Fig. 1a , which is consistent with the metallic nature of the bulk material. In contrast to the cuprates, perovskite iridates crystallize in a nearly tetragonal structure with small rotations of the IrO 6 octahedra about the c-axis. The corresponding Brillouin zone (BZ) (gray dashed line in Fig. 1a Fig. 2a for the experimental setup and identification of p polarization) was used for this particular measurement. Fermi pockets (red dashed ellipses are to guide the eye) can be seen clearly, whose number, shape and location in momentum agree with our first-principles calculations (Fig. 1b) . In particular, considering eight Fermi pockets in the undistorted BZ yields an electron count of about 0.096 electrons/Ir or x∼0.064 in (
which is consistent with the La substitution level x = 0.066 determined independently via energy-dispersive x-ray spectroscopy measurements.
In order to gain further insight, energy-momentum dispersion along Cut1 in Fig. 1a was measured. Raw ARPES spectra (energy distribution curves, EDCs, the band dispersion maps along the two high-symmetry directions (Fig. 3e-f ). Consistent with these observations, our first-principles calculations suggest that the conduction band gives rise to two well-separated electron pockets near the M point while the valence band is entirely gapped with the band top located at the X point (Fig. 3g) . Here, the EDC measurements along the hypothetical "underlying Fermi surface" therefore show an energy gap away from the arc region (e.g., point 6 in Fig. 3e ). Because of the broad energy linewidth of the valence band, its non-vanishing spectral weight extends up to the Fermi level, which causes an impression that the gap is not a full gap but a pseudogap. Note that this gap along the hypothetical "underlying Fermi surface" is not monotonic in that we expect a larger gap in the intermediate region between the M and X points than near the X point.
This can be seen in the experimental results in Fig. 3e , and also in Fig. 3b where the EDC at point 5 shows a larger gap than at point 6.
(Sr 1−x La x ) 3 Ir 2 O 7 displays quasi-three-dimensional transport characteristics [21] , which could indicate the presence of a significant k z dispersion and variations in band dispersion and Fermi surface probed with different photon energies. Nevertheless, our observation that the Fermi pocket and an apparent arc can both be seen at the same photon energy (25 eV) with different polarizations cannot be ascribed to this factor. Calculations have also been performed to investigate the k z dependence of the electronic structures. While some of the valence bands exhibit k z dispersion, the conduction band which forms the Fermi surface is found to display little k z dependence, and thus the associated Fermi surface area is essentially independent of k z (see Ref. [23] for details). A more sensible explanation lies in photoemission matrix element effects [20, 24, 25] , which can suppress the spectral with experiment (cf. Supplementary Fig. S2d vs. Fig. 3f ). We thus conclude that Fermi pockets in (Sr 1−x La x ) 3 Ir 2 O 7 arise from a subtle interplay between structural distortion, antiferromagnetism, spin-orbit coupling, and electron correlation effects.
Despite the uncertainty regarding the precise origin of the (π,π) order, it is reasonable to designate the four branches of the two parabolic bands we have observed with p-polarized 25 eV light (#1∼#4) as |k BB + Q >, |k AB >, |k AB + Q >, and |k BB > states respectively (Fig. 2k ), which all arise from the putative single J = 1/2 band. It appears that s polarization at both 20 eV and 25 eV suppresses photoemission from the |k > states, while the 25 eV light preferentially excites the |k BB + Q > state (cf. Fig. 2e-j) .
Our observation of Fermi arcs (Fig. 2h-j These results further highlight strong ARPES matrix element effects in this system.
Interplay of effects of structural distortion and antiferromagnetic correlations on the low-lying band structure. 
